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Here we report a new form of amphicyonid from an uncertain locality in the Linxia 
Bas 


ived dental traits imply an affinity to Magericyon, previously known from Europe 


and possib Asia, The specimen suggests a higher diversity of amphicyonids in eastern 


Asia than previously t, and more discovery with stratigraphic information will be needed to 
elucidate the evolution o ~O, idae in eastern Asia. 
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Amphicyonidae were once-flourished carnivores in the Ce 
and high diversity, especially in the Oligocene and Miocene (Kuss, 1 M Hunt, 
(Kuss, 


itta wide distribution 


1998; Ginsburg, 1999). The records are mostly enriched in Europe and Nort 
1965; Viranta, 1996; Hunt, 1998; Ginsburg, 1999; Morales et al., 2019, 2021a, b); 
fewer in Africa (Morales et al., 2016), but only a few, mostly fragmented, records are kni 
from eastern Asia (Qiu et al., 1986; Wang et al., 2005; Jiangzuo et al., 2018, 2019a, b; Sun et 


al., 2021). Therefore, any new specimens found in East Asia are worth reporting. 


” 


Recently, a partial mandible with most of the cheek teeth was donated to the Institute of 
Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences (IVPP). The 
specimen was discovered by a local farmer from Hezheng County and sold to the donator. 
Unfortunately, the exact locality information was not known. Judging from the surrounding 


sediment (red clay), the specimen is most likely from the Late Miocene, but could also be 
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from the late Middle Miocene, the age of previously described Gobicyon from the same region 
(Jiangzuo et al., 2019b). The specimen exhibits traits that differ from all previously known 
amphicyonids from both Europe and Asia and is likely to represent a new species. However, 
the lack of precise stratigraphic constraints downgrade its value as potential type of a new 
species. Here we report the discovery of the specimen but do not erect species on it, awaiting 
further material with associated locality information and stratigraphic constraints. 

Abbreviations IVPP, Institute of Vertebrate Paleontology and Paleoanthropology, 
Chinese Academy of Sciences, China; MNCN, Museo Nacional de Ciencias Naturales, 
Madrid, Spain; UNSM, University of Nebraska State Museum, Lincoln, NE, USA. 


Order Carnivora Bowdich, 1821 


| D, Suborder Caniformia Kretzoi, 1943 


Infraorder Arctoidea Flower, 1869 


Family Amphicyonidae Trouessart, 1885 


Q Subfamily Amphicyoninae Trouessart, 1885 
Cy Genus Magericyon Peigné et al., 2008 


o) Magericyon sp. 
N. ; %4? 
Description IVPP V33030 (Fig. Uf; ial left mandible preserving most of the 
horizontal ramus, which is broken away distal 4 


symphysis is strong, elongated and rugose. Its poste We) reaches the level of the p2. 


There are four small mental foramina in the lateral side o 


The ramus deepens backwards. The 


ghly underneath the 
canine, p2/p3, p3/p4, and p4, respectively. & 


The incisors and canine are broken. Judging from the alveolus, the large and 


robust. There is a long diastema between the canine and the pl (diastema 17.8 l" 
and p2 are close together (diastema 0.96 mm), both are small, button shaped and single fo ? 
The p2 is slightly longer and much wider than the p1. The p3 is much more elongated and OQ 
double-rooted. It also has a very low crown, comparable to that of the p1 and p2. The diastema N 
between the p2 and p3 is large (diastema 8.72 mm), and the diastema between the p3 and p4 is 
small (diastema 1.24 mm). The p4 is much larger and higher than the anterior premolars, but it 
is still relatively small compared with the m1. There are weak anterior and posterior cingulid 
cuspids. Laterally, both the anterior and posterior profiles of the tooth are concave. The distal 
ridge is slightly serrate on its posterior half. 

The ml is elongated. In the lateral view, the ventral convexity of the enamel is 
moderately developed between the trigonid and the talonid. Among the three major cuspids, 
the paraconid, protoconid and hypoconid are tall, with the paraconid and hypoconid subequal 
in height. The metaconid and entoconid are very reduced but present. The talonid is broader 


than the trigonid. There are two distal ridges of the protoconid, one connected to the hypoconid 


Jiangzuo et al. —- A possible new amphicyonid from the Miocene of the Linxia Basin 3 


and one containing the metaconid. The entoconid is curved. The m2 is broken at the level of 


the roots. Judging by the alveolus, it is double-rooted, and probably relatively short. 


4 
Na, 
od 


h li 


Fig. 1 Magericyon sp. (IVPP V33030) from an unknown locality, Linxia Basin Q & 


Comparison The fossil material of Amphicyonidae is mostly fragmented, kO 
by jaw fragments or isolated teeth, with only a few known to have complete crania and nN 
mandibles (Viranta, 1996). The strongly reduced premolars in IVPP V33030 indicate an affinity 
to either Amphicyoninae or Thaumastocyoninae. Thaumastocyoninae are medium- sized to 
large amphicyonids, with typically hypercarnivorous dentition (Morales et al., 2019, 2021a). 
Two evolutionary tendencies of this lineage include the reduced premolars, and high-crowned 
molars, with reduced lingual cusps and functioning as strict shearing cutting apparatus (Morlo 
et al., 2020). The subfamily includes Thaumastocyon, Peignecyon, Tomocyon, Agnotherium, 
and Ammitocyon (Viret, 1929; Kuss, 1965; Morales et al., 2019, 2020, 2021a). Amphicyoninae 
typically has moderately reduced premolars, and low-crowned molars that function as both 
cutting and crushing tools (Kuss, 1965; Viranta, 1996; Hunt, 1998; Ginsburg, 1999). However, 


the derived forms of this subfamily also convergently reduced their premolars, and developed 
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Fig. 2. Comparison of Magericyon sp. and related taxa 
A. Magericyon sp., IVPP V33030; B. Magericyon anceps B-3139, Batallones-1; C. Magericyon castellanus, 
MNCN 3836 (mirrored), Los Valles de Fuentidueña; D. Heizmannocyon steinheimensis, UNSM cast, 
Steinheim (note that the horizontal corpus is mainly reconstructed); E. Amphicyon major, Sa844, Sansan; 
F. Lonchocyon qiui, IVPP V 28616, Baron Sog Formation, Erlian Basin. The dotted line represents the level 
of canine and m1 of Magericyon sp. nov., IVPP V33030 
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high-crowned cheek teeth, as seen, for example, in Hubacyon and Magericyon (Kretzoi, 1985; 
Peigné et al., 2008). 

The strongly reduced premolars and short rostrum observed in V33030 suggest an affinity 
to either Thaumastocyoninae or derived Amphicyoninae. However, the p4 is relatively small 
compared to the m1, with reduced posterior accessory cuspid. In Thaumastocyoninae, the p4 
is typically large, high-crowned and posteriorly orientated, with a strong posterior accessory 
cuspid, forming the cutting apparatus together with the m1 (Morales et al., 2019, 2020, 2021a). 


Hubacyon gutmanni Heizmannocyon steinhemensis Tomocyon grivensis 


Amphicyon giganteus Mageriocyon anceps 


Fig. 3 Comparison of mls of several amphicyonids mentioned in this study 


Not to scale 


4 


6 Vertebrata PalAsiatica 


The p4 of the new amphicyonid is much lower than the m1, and is unlikely to form a similar 
function as seen in Thaumastocyoninae. The m1 of this specimen shows horizontal wear facets 
in the paraconid and hypoconid. These traits suggest that this specimen does not belong to 
Thaumastocyoninae. 

In fact, the reduced size of the premolars, especially the p4, is observed in derived 
amphicyonids such as Heizmannocyon and Magericyon from the late Middle Miocene and Late 
Miocene (Fraas, 1885; Helbing, 1936; Heizmann, 1973; Ginsburg et al., 1981; Peigné et al., 
2008). The ratio of p4/m1 length is similar in both genera (all < 0.5). The anterior premolars 
of Heizmannocyon are larger than those of V33030, whereas the two species of Magericyon, 
Magericyon anceps and M. castellanus, have more reduced premolars, some of which are 

nt. The p4 of Heizmannocyon still has a posterior accessory cuspid, which is absent in 
ke: d Magericyon. The mls of both known species of Magericyon lack the metaconid, 
which t in V33030 and Heizmannocyon. The overall m1 shape of the specimen 
is elongate a Car: to that of Magericyon, whereas the m1 of Heizmannocyon 
is much wider. Ano iocene amphicyonid is Hubacyon, which also possesses a 
somewhat similar m1 “of th development (Kretzoi, 1985), but the talonid is much 


higher. Unfortunately, Hubacyo n from the ml, and no further comparison is 
possible. 

A new basal arctoid with possible affini icyonidae, Lonchocyon, has recently 
been described from the Late Eocene deposits of the n Formation, Erlian Basin, East 


olars. However, the 


5. The V33030 

cyon. 

In summary, the IVPP V33030 shows intermediate traits between “Oe and 

Magericyon, but also possesses unique traits, such as the premolar arrangement, and a “lo, 
Oss 


Asia (Zhang et al., 2023). V33030 is comparable to it in t 
p4 of V33030 is not so reduced as seen in Lonchocyon, and its m 


is unlikely to come from deposits of similar age and is probably not rela 


talonid. Its resemblance to Magericyon is supported by the synapomorphy of p4, the 1 

the posterior accessory cuspid, and a narrow m1. We therefore tentatively assign the cw 
to Magericyon. It is undoubtedly distinct from the two known European species and should 
represent a new species. New fossil discoveries and chronological information will be needed 


to elucidate the evolution of this amphicyonid. 


Acknowledgements We thank C. Zhao for donating the specimen in this study. We thank 
Second Comprehensive Scientific Expedition on the Tibetan Plateau for supporting the 
financial and logistical support in the field work. We thank Z. Qiu and J. Chen for help in 
accessing fossil collections of the IVPP, R. Yang, W. He, S. Chen, L. Zhang for help in 
accessing fossil collections of the IVPP and HMV. S. Fraile and J. Morales for access to 


fossil comparative material in MNCN. The current work was supported by the National 


Jiangzuo et al. — A possible new amphicyonid from the Miocene of the Linxia Basin 7 


Key Research and Development Program of China (No. 2023 YFF0804501), the National 
Natural Science Foundation of China (Grant No. 42102001), the R+D+I project PID2020- 
116220GB-I00 funded by the Agencia Estatal de Investigacion of the Spanish Ministry of 
Science and Innovation (MCIN/AEI/10.13039/501100011033/) and the Research Group UCM 
910607. 


ARAH PATE — a BE ATA BE 


Ja mR ARAE AEE SB A FER 


KWX, PERRERA ED 5AA E JE 100044) 


(2 PAEZ ARE 010) 
G PADES EENE 6; HWE WAAR E 28040) 


(4 AEA A eT, BESS AI Aerie 8001) 
6 PERFEK JL 100049) 


& 
(6 KBR AAA EMOTE, BIE, ee] 7207 E448 75005) 


HHS. HG Te A A A A ER BE FP ait. SL EAE A) ARE, 5 

EAE AIR TOL Bera EY) Sh HEHE AB Magericyonit W. Xh BY wie: 

PETELE AY Bs, (A BE OE if EAR f PA 

RERE o Q 

I: PE, REF BWER Q £ 
References n 


Fraas C, 1885. Beitriige zur Fauna von Steinheim. Jh Ver vaterl Naturk Wtirttemberg, 41: 313-326 


Ginsburg L, 1999. Order Carnivora, In: Rossner G E, Heissig K eds. The Miocene Land Mammals of Europe. München: 
Pfeil. 109-148 

Ginsburg L, Morales J, Soria D, 1981. Nuevos datos sobre los carnivoros de Los Valles de Fuentiduena (Segovia). Estud 
Geol, 37: 383—415 

Heizmann E P, 1973. Die Carnivoren des Steinheimer Beckens. B. Ursidae, Felidae, Viverridae sowie Ergänzungen und 
Nachträge zu den Mustelidae. Palaeontographica, Teil V: 77—82 

Helbing H, 1936. Die tertiaren wirbeltiere des Steinheimer beckens: die carnivoren des Steinheimer beckens. A. Mustelidae. 
Palaeontographica: 1-56 

Hunt R M J, 1998. 11 Amphicyonidae, In: Janis C M, Scott K M, Jacobs L L eds. Evolution of Tertiary Mammals of North 


8 Vertebrata PalAsiatica 


America: Terrestrial Carnivores, Ungulates, and Ungulatelike Mammals. New York: Cambridge University Press. 
196-227 

Jiangzuo Q G, Li C, Zhang X et al., 2018. Diversity of Amphicyonidae (Carnivora, Mammalia) in the Middle Miocene 
Halamagai formation in Ulungur River area, Xinjiang, Northwestern China. Hist Biol, 32: 187-202 

Jiangzuo Q G, Li C X, Wang S Q et al., 2019a. Amphicyon zhanxiangi, sp. nov., a new amphicyonid (Mammalia, Carnivora) 
from northern China. J Vert Paleont, 38: e1539857 

Jiangzuo Q G, Wang S Q, Li C X et al., 2019b. New material of Gobicyon (Carnivora, Amphicyonidae, Haplocyoninae) 
from northern China and a review of Aktaucyonini evolution. Pap Palaeont, 7: 307—327 

Kretzoi M, 1985. Neuer Amphicyonide aus dem Altpannon von Pécs (Siidungarn). Annls hist-nat Mus natn hung, 77: 65— 


h; S E, 1965. Revision der europaischen Amphicyoninae (Canidae, Carnivora, Marnm.). Sitzungsber Heidelb Akad Wiss, 
; 1-169 


Mo Ma rd M, Valenciano A, 2016. Systematics of African Amphicyonidae, with descriptions of new material from 
Cn. (Namibia). J Iber Geol, 42: 131-150 


Morales J, Fejfar ka, [oF al., 2019. A New Thaumastocyoninae (Amphicyonidae, Carnivora) from the Early 


Miocene of Tuchořici So Fossil Imprint, 75: 397-411 
Morales J, Abella J, Sanisidro O et mitocyon kainos gen. et sp. nov., a chimerical amphicyonid (Mammalia, 


Carnivora) from the Late Miocene c rgy de los Batallones (Madrid, Spain). J Syst Palaeont, 19: 


393—415 

Morales J, Fejfar O, Heizmann E et al., 2021b. The le hicyonidae, Carnivora, Mammalia) of the Early 
Miocene from Tuchofice, the Czech Republic. Fossil Imprint, 14; 

Morlo M, Bastl K, Habersetzer J et al., 2020. The apex of amphicyonid Dy ving the riddle of Agnotherium 
antiquum Kaup, 1833 (Mammalia, Carnivora). J Vert Paleont, 39: e1705848 


Peigné S, Salesa M J, Anton M et al., 2008. A new Amphicyonine (Carnivora: L © Miocene of 


Batallones-1, Madrid, Spain. Palaeontology, 51: 943-965 
Qiu Z X, Yan D F, Jia H et al., 1986. The large-sized ursid fossils from Shanwang, Shandong. Vert Tezy, 
194 10 
Sun Z, Han A, Li Y et al., 2021. New material of Amphicyon zhanxiangi from Laogou, Linxia Basin suggests a possible N 
southern dispersal with increasing omnivory. Hist Biol, 43: 1—8 
Viranta S, 1996. European Miocene Amphicyonidae. Acta Zool Fenn, 204: 1-61 
Viret J, 1929. Tomocyon grivensis n. gen. n. sp. et les canidés de la Grive Saint-Alban (Isére). Bull Soc Géol France, 29: 

217-226 
Wang X M, Qiu Z X, Wang B Y, 2005. Hyaenodonts and carnivorans from the Early Oligocene to Early Miocene of 

Xianshuihe Formation, Lanzhou basin, Gansu province, China. Palaeont Electron, 8: 1-14 
Zhang X Y, Bai B, Wang Y Q, 2023. Bear or bear-dog? An enigmatic arctoid carnivoran from the Late Eocene of Asia. Front 


Earth Sci, 11: 1-12 


